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(54) Ink jet recording apparatus and method. 

(57) An ink jet recording apparatus for performing recording using a recording head for ejecting an ink 
from a plurality of ejection orifices, includes a print control unit for performing a print operation while 
switching a print mode between a thin multi-pass print mode for sequentially recording divided 
recording data in a plurality of number of times of relative scan operations of the recording head with 
respect to a single recording area, and a 1-pass print mode for recording all recording data in a single 
relative scan operation of the recording head, and an eject quantity control unit for controlling the eject 
quantity of the ink ejected from the recording head so that a total ink quantity on the recording area in 
the thin multi-pass print mode is larger than a total ink quantity in the 1-pass print mode.^ 

FIG. t> 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an ink jet record- 
ing apparatus and method and, more particularly, to 
a recording apparauts and method, which heat a liquid 
using electrothermal energy converting elements, 
and eject liquid droplets. 

Related Background Art 

In recent years, OA equipments such as comput- 
ers, word processors, copying machines, and the like 
have become popular, and a large number of record- 
ing apparatuses for these equipments have been de- 
veloped. An Inkjet recording apparatus allows easier 
high-definition recording than other recording meth- 
ods, and can realize low-noise, low-cost recording at 
high speed. 

An ink jet recording apparatus is prepared with 
various recording modes in addition to a simple one- 
scan recording mode so as to solve a problem in fixing 
characteristics of an ink on recording media such as 
a paper sheet, an OHP film, and the like, and to pre- 
vent, e.g., density nonunrformity inherent to recording 
heads. 

Of these recording modes, a multi-pass print 
mode for performing recording by scanning a single 
recording head a plurality of numberof times for a sin- 
gle area on a recording medium is popularly used for 
various purposes. In particular, when color recording 
is performed by a plurality of recording heads using 
different colors of inks, a thin multi-pass print mode is 
executed. In this mode, in order to prevent ink over- 
flow and image blur on the recording medium, in place 
of printing all the recording data at a time, a single 
sjcapj>attefius^ pattern, and 



t he checker pattern is recorded a plurality of number 
of times, thereby finish ing an ima ge correspond ing to 
a!Uh,e i jecprdinqjdata. J ,Eve n in a monochrome record- 



ing mode, the following print method as a modification 
of the thin print multi-pass print mode is executed. For 
example, in a recording head consisting of a plurality 
of nozzles, density nonunifbrmity inherent to the re- 
cording head due to a difference in ejection charac- 
teristics among the nozzles is often observed. In or- 
der to eliminate such nonunrformity, half of all the re- 
cording data is printed by a first nozzle group, and the 
remaining half is printed by a second nozzle group. 

In the thin multi-pass print mode, the density of a 
recorded image tends to become lower than an image 
obtained when recording is performed at a time with- 
out using a thinning pattern (one-pass print mode). 
The degree of this phenomenon varies depending on 
the types of recording media. In general, this phenom- 
enon is difficult to occur on coated paper coated with 
an ink reception layer, and is often observed on non- 



coated paper such as PPC paper having no special 
coat. Although the details of the mechanism of this 
phenomenon are unknown, this phenomenon has a 
strong correlation with the ink absorption speed of ink 

5 reception characteristics, and easily occurs on paper 
which has poor ink fixing characteristics. Since this 
phenomenon is associated with ink absorption in a re- 
cording medium such as paper, it also has a correla- 
tion with the ink composition. Although paper having 

10 poor fixing characteristic requires the thin multi-pass 
print mode, a decrease in density easily occurs on 
such paper due to the thin multi-pass print mode. 

In an ink jet recording method, ink droplets are 
formed by various methods, and recording is realized 

15 by attaching ink droplets onto a recording medium 
such as paper. 

Of recording apparatuses adopting a recording 
method of this type, as an apparatus having a struc- 
ture suitable for a high-density mulb-orrfice recording 

20 head, an ink jet recording apparatus of a type utilizing 
heat as energy for forming ink droplets is known. 

The ink jet recording apparatus, which utilizes 
heat as ink droplet ejection energy, normally compris- 
es a recording head having ink droplet forming means 

25 for heating an ink to give a displacement with an 
abrupt increase in volume to the ink, and ejecting the 
ink from orifices of a nozzle section, thereby forming 
ink droplets, i.e., electrothermal energy converting 
elements, which generate heat upon application of an 

30 electrical signal, and can heat the ink. 

In the ink jet recording apparatus, the ink jet char- 
acteristics, especially, the ink droplet size is influ- 
enced by the temperature of the recording head, and 
the print density changes depending on the tempera- 

35 ture. Thus, temperature control for, e.g., maintaining 
a constant temperature of the recording head is per- 
formed. 

Fig. 22 shows an ink jet printer head for heating 
an ink by a heater to generate bubbles, and ejecting 
40 ink droplets by the bubbles, and in particular, shows 
details of an ejection element 58 as the principal part 
of the head. 

Heaters H, 65 and H 2 66 used for heating the 
head and keeping the head temperature are formed 

45 on an Si substrate 61 by the same material as that of 
ejection heaters 63. Energization to the heaters H 1 65 
and H 2 66 are ON-OFF-controlled according to head 
temperature information from a temperature detec- 
tion means (thermistor 59) mounted on a base plate 

so 53, thereby controlling the head temperature. Orifices 
62 for ejecting an ink communicate with correspond- 
ing nozzles 64. The nozzles 64 are supplied with an 
ink from an ink tank (not shown) through an ink cham- 
ber 68. A filter 69 is arranged on the ink chamber 68. 

55 The heaters 63, 65, and 66 are connected to an elec- 
trical circuit board 54 via an A) wiring pattern 67 and 
bonding wires 70. 

However, since the ink jet recording head for 
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ejecting ink droplets by utilizing heat energy gener- 
ates heat by itself upon recording, the ink temperature 
in each nozzle where the ejection heater is arranged 
is higher than a temperature detected by the temper- 
ature detection means during recording, and this tem- 
perature difference varies depending on the record- 
ing pattern and the record density. For this reason, 
when data having a high record density such as an im- 
age pattern is to be recorded, the ink temperature in 
the nozzles is increased, and the print density is in- 
creased accordingly. On the other hand, when data 
having a relatively low record density such as a char- 
acter pattern is to be recorded, the print density is low- 
ered. It is therefore difficult to always obtain a uniform 
print density. 

When an image pattern is recorded, a multi-pass 
print operation for performing one-line recording in a 
plurality of number of times of carriage scan opera- 
tions is often performed so as to improve image qual- 
ity (color boundary blur, color misregistration, and the 
like). In this case, the print density may vary due to a 
difference in head temperature rise caused by differ- 
ent print densities in respective scan operations. 
When the print density in each scan operation varies, 
the ink penetration state onto a recording medium va- 
ries. In general, as compared to a case wherein the 
print density is increased by a one-pass print method, 
when an ink is printed a plurality of number of times 
at a low print density, the spread of each ink droplet 
on a recording medium is decreased, and the appa- 
rent print density is undesirably lowered. 

A demand for an ink jet recording apparatus ca- 
pable of performing color recording tends to be in- 
creased. Such a recording apparatus uses a record- 
ing head having an array of a plurality of recording 
elements obtained by integrating a plurality of ink 
ejection orifices and nozzles. Some recording appa- 
ratuses have a plurality of recording heads for respec- 



tively ejecting cyan, magenta, yellow, and black in ks 



for color recording. The ink ejection orifices of such a 40 



recording head eject an ink in almost an equal quan- 
tity per pixel. 

However, the ink eject quantity is considerably in- 
fluenced by the temperature of the recording head. 
More specifically, when the temperature of the record- 
ing head is high, the eject quantity is increased; when 
the temperature of the recording head is low, the eject 
quantity is decreased. Such a difference in eject 
quantity largely influences the density of a printed im- 
age. In order to stabilize the eject quantity indepen- 
dently of the environmental condition of the recording 
head, temperature control must be performed for 
each recording head. 

For this purpose, a temperature control heater is 
arranged near or in the recording head in addition to 
ink ejection heaters, and the temperature of the re- 
cording head is detected by a thermistor. The detect- 
ed temperature is fed back to a control mechanism to 



stabilize the ink eject quantity, thereby btaining an 
image free from a print density difference indepen- 
dently of the environmental temperature of the record- 
ing head. In this case, temperature control is unrform- 
5 ly performed for recording heads. On the other hand, 
when color recording is performed using ink jet re- 
cording heads, the following method is adopted. That 
is, coated paper having good ink absorbency is used 
as a recording medium, ink droplets each having a rel- 
10 atively small drop size are ejected onto the coated pa- 
per, and inks are absorbed in the coated paper. 

When the above-mentioned coated paper is used 
as the recording medium, a sufficient print density 
and fixing characteristics can be assured. However, 
15 a demand has arisen for a print operation using low- 
cost regular paper as a recording medium with the re- 
cent advent of low-cost information equipments and 
communication equipments. When a recording appa- 
ratus is arranged exclusively for coated paper, a user 
20 must use expensive recording media, and cannot de- 
sirably select recording media. 

Since regular paper has no special treatment for 
absorption of an ink as a liquid, it cannot easily obtain 
a sufficient density as compared to coated paper 
25 manufactured in consideration of ink absorbency. In 
particular, the density of a black ink used for charac- 
ters, ruled lines, and the like is important in an image. 
Therefore, to obtain a sufficient density is an impor- 
tant subject for the print operation on regular paper. 
30 When temperature control upon ejection is uni- 

formly performed for a plurality of recording heads 
like in the above-mentioned conventional method to 
perform a print operation on recording media such as 
regular paper, OHP paper, and the like having inferior 
35 ink absorbency to that of coated paper, since ink drop- 
lets to be ejected are set to have a small drop size, as 
described above, the density of black characters and 
black lines is low. In addition, since inks are implanted 
in too much quantities on R (red), G (green), and B 
(blue) portions obtained by mixing inks ejected from 
the cyan, magenta, and yellow recording heads so as 
to obtain a color image, the inks are considerably blur- 
red, thus deteriorating print quality. 

Furthermore, since the recording heads suffer 
45 from a variation in eject quantity, the print density va- 
ries in units of recording heads. As a result, especially 
in a color recording mode, different color tones are ob- 
tained in units of color ink jet recording apparatuses. 

50 SUMMARY OF THE INVENTION 

The present invention has been made in consid- 
eration of the problems of the related arts, and from 
a new viewpoint that is not expected in the conven- 
55 tional methods. 

Thus, it is the first object of the present invention 
to provide an ink jet recording apparatus, which can 
prevent a decrease in density in a thin multi-pass print 
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mode, and can satisfactorily record an image accord- 
ing to th types of recording media. 

In order to achieve the above object, an ink jet re- 
cording apparatus according to the present invention, 
comprises print method control means for switching a 
print mode between a thin multi-pass print mode for 
controlling the number of times of recording head 
scan operations for a single recording area, and se- 
quentially performing divided recording data, and a 
one- pass print mode for recording all recording data 
in a single head scan operation, and eject quantity 
control means for controlling an ink eject quantity. The 
eject quantity control means is controlled so that a to- 
tal ink quantity per unit recording area in the thin multi- 
pass print mode is larger than that in the one-pass 
print mode. Thus, image recording suitable for various 
recording media can be attained. 

It is the second object of the present invention to 
provide an ink jet recording apparatus, which can 
eliminate a print density difference caused by a differ- 
ence in recording mode. 

In order to achieve this object, according to the 
present invention, an ink jet recording apparatus for 
performing recording using a recording head for 
ejecting an ink, comprises discrimination means for 
discriminating a type of recording data recorded by 
the recording head, and eject quantity control means 
for controlling an eject quantity of an ink ejected from 
the recording head according to the type of recording 
data discriminated by the discrimination means. The 
target temperature of the recording head is switched 
according to the recording mode, thereby eliminating 
a print density difference due to a difference in record- 
ing mode. 

It is the third object of the present invention to pro- 
vide an ink jet recording method and apparatus, 
wherein even when a print operation is performed not 
only on coated paper but also on a recording medium 
such as regular paper or OHP paper, which has infer- 
ior f ixing characteristics to that of the coated paper, 
and cannot obtain a sufficient OD (average optical 
density), use temperature ranges of recording heads 
are individually set, so that, in a color recording mode, 
the print density of black characters is increased, im- 
provement of fixing characteristics and prevention of 
blur are attained by suppressing ink implantation 
quantity of a color recording unit, and image recording 
can be performed with high print quality. 

It is the fourth object of the present invention to 
provide an ink jet recording method and apparatus, 
wherein print density characteristics of each record- 
ing head are measured to set an optimal use temper- 
ature range of each recording head. 

In order to achieve the above objects, according 
to the present invention, an ink jet recording appara- 
tus for performing recording using a plurality of re- 
cording heads for ejecting inks onto a recording me- 
dium, comprises temperature detection means for de- 
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tecting temperatures of the recording heads, and tem- 
perature control means for controlling th tempera- 
tures of the recording heads on the basis of the t m- 
perature information detected by the temperature de- 
tection means so that the temperatures of the record- 
ing heads do not fall outside predetermined temper- 
ature ranges which are set in correspondence with 
the recording heads. 

According to the present invention, there is also 
provided an ink jet recording apparatus for perform- 
ing recording using a plurality of recording heads for 
ejecting inks onto a recording medium, comprising 
temperature range setting means for setting temper- 
ature ranges of the recording heads in units of record- 
ing heads, and control means for controlling temper- 
atures of the recording heads according to the tem- 
perature ranges set by the temperature range setting 
means. 

According to the present invention, there is also 
provided an ink jet recording apparatus for perform- 
ing recording using a plurality of recording heads for 
ejecting inks onto a recording medium, comprising 
temperature range setting means for setting predeter- 
mined temperature ranges of the recording heads ac- 
cording to a type of recording medium to be used in 
units of recording heads. 

According to the present invention, there is also 
provided an ink jet recording method comprising the 
step of preparing a plurality of recording heads for 
performing recording by ejecting inks onto a record- 
ing medium, and the step of performing recording by 
controlling temperatures of the recording heads so as 
not to fall outside predetermined temperature ranges, 
which are set in correspondence with the recording 
heads. 

According to the present invention, there is also 
provided an ink jet recording apparatus for perform- 
ing recording using a plurality of recording heads for 
ejecting inks onto a recording medium. c^rn prisig q 



40 density detection means for detecting densities of test 



patterns formed on a recording medium by the re- 



cording heads^Jemperature setting means for setting 
temperatures o f the recordin g heads irmnits^of re- 

L^ii. ii i i i m m t in i »i " w rm " urn iii i ^ mmammm 



cording heads on me basjsj^hejdejisjties.ofJhe^te 
patterns detected by the density detection means , 
and control means for controlling the temperatures of 



the, rec ording heads accordin g to the temperatures 
set hy thft rnmpftraturft spitting mpans - 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view for explaining an ink jet 
recording apparatus which can adopt the present 
invention; 

55 Fig. 2 is a block diagram showing the ink jet re- 

cording apparatus which can adopt the present 
invention; 

Figs. 3A to 3D are views for explaining a method 
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of generating thin print signals; 
Fig. 4 is a table showing print control modes and 
target head temperatures according to the first 
embodiment of the present invention; 
Fig. 5 is a flow chart showing a target tempera- 5 
ture setting routine for a recording head; 
Fig. 6 is an explanatory view of recording pat- 
terns of the first embodiment; 
Fig. 7 is a graph showing the correlation between 
the target temperature and the eject quantity of a 10 
recording head; 

Fig. 8 is a graph showing the correlation between 
the eject quantity and the record density accord- 
ing to recording modes and recording media; 
Fig. 9 is a chart showing an eject quantity setting 1 5 
state under the PWM control according to the sec- 
ond embodiment of the present invention; 
Fig. 1 0 shows a PWM table of the second embodi- 
ment; 

Fig. 11 is a graph showing eject quantity control 20 
based on table conversion; 
Fig. 1 2 is a flow chart showing a head driving con- 
trol routine of the second embodiment 
Figs. 13Ato 13C are explanatory views showing 
recording processes in a recording method ac- 25 
cording to the third embodiment of the present in- 
vention; 

Fig. 14 is an explanatory view showing a state 
upon completion of recording by the recording 
method of the third embodiment; 30 
Fig. 15 is a flow chart showing a head tempera- 
ture control routine according to the fourth em- 
bodiment of the present invention; 
Figs. 16A to 1 6C are explanatory views of an im- 
age recording method; 35 
Fig. 17 is a flow chart showing a head tempera- 
ture control routine according to the fifth embodi- 
ment of the present invention; 
Fig. 18 is a flow chart showing a head tempera- 
ture control routine according to the sixth em bod i- 40 
ment of the present invention; 
Fig. 19 is a partially cutaway perspective view of 
an ink jet recording apparatus which can adopt 
the present invention; 

Fig. 20 is a block diagram of a control unit of the 45 
ink jet recording apparatus which can adopt the 
present invention; 

Fig. 21 is a schematic view of an Inkjet recording 
head which can adopt the present invention; 
Fig. 22 is a sectional view showing principal part so 
of the ink jet recording head which can adopt the 
present invention; 

Fig. 23 is a graph showing the correlation be- 
tween the target head temperature and the eject 
quantity of the recording head; 55 
Fig. 24 is a flow chart showing a processing se- 
quence for setting a use temperature rang of the 
recording head; 



Fig. 25 is a flow chart showing a temperature con- 
trol operation of the recording head; 
Fig. 26 is a perspective view showing an arrange- 
ment of a recording section of the ink jet recording 
apparatus; 

Fig. 27 is a schematic view showing an arrange- 
ment of an ink jet recording head unit; 
Fig. 28 is a block diagram showing an arrange- 
ment of a control system of the ink jet recording 
apparatus; 

Fig. 29 is a block diagram showing an arrange- 
ment obtained by integrating a driver, a tempera- 
ture control heater, and a temperature measure- 
ment sensor to a recording head itself; 
Fig. 30 is a schematic perspective view showing 
an arrangement of a recording head 102A; 
Fig. 31 shows a print sample; 
Fig. 32 is a graph showing use temperature rang- 
es of recording heads; 

Fig. 33 is a view showing a density detection 
means; 

Fig. 34 is a graph showing an example of a print 
density comparison table; 
Fig. 35 is a flow chart showing an example of a 
density detection sequence, and a temperature 
range setting sequence; 

Fig. 36 is a table showing use temperature ranges 
of the recording heads in units of print modes and 
density characteristics of the recording heads; 
Fig. 37 is a flow chart showing another example 
of a density detection sequence, and a tempera- 
ture range setting sequence; 
Fig. 38 is a schematic block diagram showing an 
arrangement obtained when the recording appa- 
ratus of the present invention is applied to an in- 
formation processing apparatus; 
Fig. 39 is a perspective view showing the outer 
appearance of the information processing appa- 
ratus shown in Fig. 38; and 
Fig. 40 is a perspective view showing another in- 
formation processing apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present inven- 
tion will be described in detail hereinafter with refer- 
ence to the accompanying drawings. 

The first invention of the present application will 
be described below. 

(First Embodiment) 

Fig. 1 is a schematic view of an ink jet recording 
apparatus, which can adopt the present invention. An 
ink jet cartridge C has an ink tank unit in its upper por- 
tion, and a recording head 23 (not shown) in its lower 
portion. The cartridge C also has a connector for re- 
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ceiving signals for driving th r cording head 23. A 
carriage 2 aligns and carries four cartridges C1, C2, 
C3, and C4 (which store different color inks, e.g., yel- 
low, magenta, cyan, and black inks). The carriage 2 
is provided with a connector holder, electrically con- 5 
nected to the recording heads 23, for transmitting, 
e.g., signals for driving recording heads. 

The ink jet recording apparatus includes a scan 
rail 11, extending in the main scan direction of the car- 
riage 2, for slidably supporting the carriage 2, and a 10 
drive belt 32 for transmitting a driving force for recipro- 
cally moving the carriage 2. The apparatus also in- 
cludes pairs of convey rollers 15 and 16, and 17 and 
18, arranged before and after the recording positions 
of the recording heads, for clamping and conveying a 1 5 
recording medium, and a recording medium P such as 
a paper sheet, which is urged against a platen (not 
shown) for regulating a recording surface of the re- 
cording medium P to be flat. At this time, the recording 
head 23 of each ink jet cartridge C carried on the car- 20 
riage 2 projects downward from the carriage, and is 
located between the convey rollers 1 6 and 1 8 for con- 
veying the recording medium. The ejection orifice for- 
mation surface of each recording head faces parallel 
to the recording medium P urged against the guide 25 
surface of the platen (not shown). Note that the drive 
belt 32 is driven by a main scan motor 29, and the 
pairs of convey rollers 15 to 18 are driven by a sub- 
scan motor 26 (not shown). 

In the ink jet recording apparatus of this embodi- 30 
ment, a recovery system unit is arranged at the home 
position side (at the left side in Fig. 1). The recovery 
system unit includes cap units 300 arranged in corre- 
spondence with the plurality of ink jet cartridges each 
having the recording head 23. Upon movement of the 35 
carriage 2, the cap units 300 can be slid in the right- 
to-left direction and be also vertically moved. When 
the carriage 2 is located at the home position, the cap 
units 300 are joined to the corresponding recording 
heads 23 to cap them, thereby preventing an ejection 40 
error of the ink in the ejection orifices of the recording 
heads 23. Such ejection error is caused by evapora- 
tion and hence an increased viscosity and solidifica- 
tion of the attached inks. 

The recovery system unit also includes a pump 45 
unit 500 communicating with the cap units 300. When 
the recording head 23 causes an ejection error, the 
pump unit 500 is used for generating a negative pres- 
sure in suction recovery processing executed by join- 
ing the cap unit 300 and the corresponding recording so 
head 23. Furthermore, the recovery system unit in- 
cludes a blade 401 as a wiping member formed of an 
elastic member such as rubber, and a blade holder 
402 for holding the blade 401. 

In the four ink jet cartridges carried on the car- 55 
riage 2, the cartridge C1 stores a black (to be abbre- 
viated to as K hereinafter) ink, the cartridge C2 stores 
a cyan (to be abbreviated to as C hereinafter) ink, the 



cartridge C3 stores a magenta (to b abbreviated to 
as M hereinafter) ink, and th cartridge C4 stores a 
yellow (to be abbreviated to as Y hereinafter) ink. The 
inks overlap each other in this order. Intermediate col- 
ors can be realized by properly overlapping C, M, and 
Y color ink dots. More specif ically, red can be realized 
by overlapping M and Y; blue, C and M; and green, C 
and Y. Black can be realized by overlapping three col- 
ors C, M, and Y. However, since black realized by 
overlapping three colors C, M, and Y has poor color 
development and precise overlapping of three colors 
is difficult, a chromatic edge is formed, and the ink im- 
plantation density per unit time becomes too high. For 
these reasons, only black is implanted separately (us- 
ing a black ink). 

Fig. 2 is a control block diagram of the ink jet re- 
cording apparatus which performs a thinning multi- 
pass print operation that can adopt the present inven- 
tion. In Fig. 2, the recording head 23 has a plurality of 
ink ejection orifices, and a plurality of electrothermal 
converting elements as ejection energy generation 
elements arranged in correspondence with the ejec- 
tion orifices. In the recording head 23, an ejection sig- 
nal according to recording data is supplied to the elec- 
trothermal converting elements, and bubbles formed 
by these elements cause a change in state in the ink, 
thereby ejecting ink droplets from the ejection orific- 
es. The main scan motor 29 drives the drive belt 32. 
A print mode selector 20 switches a print mode auto- 
matically or by a manual switch operation of a user. A 
thin print signal generator 21 generates a thin print 
signal for performing the thinning multi-pass print op- 
eration from an input image signal (to be referred to 
as a print signal hereinafter) S when the print mode 
selector 20 selects a thinning multi-pass print mode. 
A head driver 22 drives the recording head 23 accord- 
ing to a signal from the thin print signal generator 21, 
and changes the driving condition of the recording 
head 23 according to the selected print mode, as will 
be described later. A main scan motor driving signal 
generator 27 generates a signal for driving the main 
scan motor 29. The generator 27 sequentially gener- 
ates driving signals corresponding in number to pass- 
es when the thinning multi-pass print mode is select- 
ed by the print mode selector 90 _A main sran mntnr 

driver 28 controls the driving operation of the main 



scan motor 29 according to a signal from the main 
scan motor driving signal generator 27. A sub-scan 
motor driving si gnal generator 24 generates a signal 



for driving the sub-scan motor 26. When the thinning 
multi-pass print mode is selected by the print mode 
selector 20, the generator 24 generates a driving sig- 
nal for controlling the paper feed amount according to 
the selected mode. A sub-scan motor driver 25 con- 
trols the driving operation of the sub-scan motor 26 
according to a signal from the sub-scan motor driving 
signal generator 24. 

In this ink jet recording apparatus, the thinning 
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multi-pass print operation is perform d as follows. 
When the print mod set ctor 20 selects the thinning 
multi-pass print mode automatically or by a manual 
switch operation of a user, as shown in Fig. 3A, an in- 
put image signal is thinned out by the thin print signal 
generator 21 according to a predetermined thinning 
pattern (Fig. 3B), and is divided into thin print signals 
S1 and S2, as shown in Figs. 3C and 3D. Of these thin 
print signals, the thin print signal S1 is supplied to the 
head driver 22 to drive the recording head 23, thereby 
ejecting ink droplets from the ejection orifices of the 
recording head 23. In synchronism with this head driv- 
ing operation (a predetermined period of time before 
the head driving operation in practice), the main scan 
motor driving signal generator 27 generates a main 
scan driving signal for the carriage, and the main scan 
motor 29 is driven according to a signal from the driver 
28. The carriage 2 is moved along the scan rail 11 , 
and performs the first-pass print operation. Upon 
completion of the scan operation, the main scan motor 
29 is driven in the reverse direction, and the carriage 
2 is returned to the start position. Furthermore, after 
an elapse of a predetermined period of time, the re- 
maining thin print signal S2 is supplied to the head 
driver 22 to drive the recording head 23. The second- 
pass print operation is performed in the same manner 
as in the first-pass print operation. Thereafter, the ap- 
paratus prepares for the print operation for the next 
line. 

During these operations, since sub-scan rollers 
are controlled so as not to move the recording me- 
dium, the thinning two-pass print operations can be 
realized. In the above description, the thinning two- 
pass print operations have been exemplified. The 
same applies to multi-pass print operations having 
three or more passes. 

Temperature control of the recording head wQI be 
described below. The temperature control of the re- 
cording head is performed to maintain the recording 
head at a temperature suitable for a predetermined 
ink eject quantity using a heating heater arranged in 
addition to ejection heaters, and is executed in a re- 
cording mode and in a predetermined standby state. 

In this embodiment, a temperature sensor is ar- 
ranged on the recording head to perform so-called 
closed loop control. Alternatively, the temperature 
sensor may be arranged in an apparatus main body 
to control to maintain the temperature of the recording 
head, i.e., to perform so-called open loop control. 

In this embodiment the target temperature is 
changed, as shown in Fig. 4, within a temperature 
range capable of stably ejecting an ink so as to 
change the ink eject quantity according to the record- 
ing mode, as will be described later. Fig. 5 is a flow 
chart showing a simplified target head temperature 
setting routine according to the print mode. When a re- 
cording start command is input, the recording mode 
is discriminated on the basis of a panel operation of 
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the recording apparatus main body or print mode set- 
ting data in a recording signal, and the target temper- 
ature of each recording head is set at an optimal tem- 
perature which is set in advance according to the dis- 
criminated recording mode. In Fig. 4, S, C, and RC de- 
scribed in the columns of first to fourth scans of each 
color in correspondence with the recording modes in- 
dicate the types of recording patterns, and Fig. 6 
shows these recording patterns. In Fig. 6, an S pat- 
tern is a recording pattern used in a normal recording 
mode. With this pattern, all the recording data of a re- 
cording area are directly recorded without being thin- 
ned out A C pattern is used for selecting and record- 
ing half of recording data of a recording area in a 
checker pattern, and an RC pattern is used for select- 
ing and recording the remaining data of the C pattern 
in a reverse checker pattern. 

Fig. 7 shows an example of the eject quantity ob- 
tained according to the target head temperature. An 
eject quantity of about 34 pi at 32°C, and an ejection 
quantity of about 42 pi at 40°C are obtained. In this 
temperature range, the eject quantity is almost pro- 
portional to the target head temperature. 

Fig. 8 shows the relationship between the record 
density and the eject quantity of the recording head in 
units of modes for paper B (coated paper) which has 
a relatively high ink absorption speed, and a high den- 
sity although it relatively easily causes blur, and paper 
A (PPC paper) which has poor ink fixing characteris- 
tics and a low density. In this embodiment, a user can 
select a print mode on the operation panel of the re- 
cording apparatus according to the types of image 
and recording medium. This embodiment recom- 
mends a 1-pass mode for coated paper having good 
ink reception characteristics, and good recording 
characteristics such as color development character- 
istics, a 2- pass mode for the paper B such as coated 
paper inferior to the former coated paper, and a 4- 
pass mode for the paper A such as PPC paper, OHP 
paper, and the like. 

A case will be exemplified below wherein a print 
operation is performed using the paper B. When an 
image, which has a high image ratio, and easily caus- 
es blur, is to be printed, the 2-pass mode is selected. 
At this time, if the target head temperature is set to be 
36°C, as shown in Fig. 8, an eject quantity of about 38 
pi is obtained, and a density (solid density) is de- 
creased by about 0.04 in the 2-pass mode (point b) as 
compared to the 1-pass mode (point a). Thus, in the 
2-pass mode, an ink is ejected at 40°C higher by 4°C 
than the target head temperature (36°C) in the 1-pass 
mode to obtain an eject amount of about 42 pi larger 
than that (about 38 pi) in the 1-pass mode. As can be 
apparent from Fig. 8, a record density as high as that 
in the 1-pass mode can be obtained in the 2-pass 
mode when the eject quantity is increased (point c). 
In other words, the total ink quantity on the recording 
medium in the 2-pass mode for identical recording 
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data is set to b larger than that in the 1-pass mode, 
thereby preventing a d crease in density. That is, as 
for coated paper having inferior recording character- 
istics, when the 2-pass mode is selected as the print 
mode, and control is made to increase the eject quan- 
tity of the recording head, an image free from blur and 
having a high density can be obtained. 

A case will be exemplified below wherein a print 
operation is performed using the paper A. Since this 
paper easily causes blur, recording data must be div- 
ided, and divided data must be sequentially recorded. 
In this case, since the paper A has a print density con- 
siderably lower than that of the paper B, and the like, 
200% data must be printed by overlapping the same 
recording data. In this case, it is difficult to increase 
the eject quantities of C, M, and Y color inks, which 
easily cause ink blur at color boundaries. In this em- 
bodiment, only a Bk ink is repetitively printed. In order 
to print 200% data, the 200% data must be divided 
into 50% data, and 50% data must be recorded four 
times (4- pass mode). At the same time, the target 
head temperature of a Bk head is decreased to 32°C 
to slightly decrease the eject quantity (about 34 pi). 
For this reason, the densities of C, M, and Y, and their 
color mixing portions are lower than those on the pa- 
per B (point d), and the Bk density is relatively low 
(point e). However, as for blur, almost a satisfactory 
image can be obtained. Thus, an image better than a 
conventional method can be obtained using paper 
having inferior ink jet recording characteristics. 

(Second Embodiment) 

In this embodiment, a method of modulating a 
first pulse in a W- pulse driving mode previously pro- 
posed by the present applicant in U.S. Patent Appli- 
cation No. 821 ,773 is used as an eject quantity control 
means for a recording head. 

This method is particularly effective for the fol- 
lowing case. When the recording frequency for driving 
a head is increased to increase the recording speed, 
recording characteristics such as ejection character- 
istics may change due to heat generated by the head 
itself during recording in an ink jet recording system 
using heat energy of the recording head, as described 
above. When PWM control shown in Rg. 9 is per- 
formed, the eject quantity is stabilized according to a 
change in head temperature. More specifically, when 
the pulse width of a preheat pulse P1 is modulated ac- 
cording to a change in head temperature, the eject 
quantity can be stabilized by a main heat pulse P3. 
Since such PWM control has a shorter control re- 
sponse time than head temperature control used in 
the first embodiment, control can be made within one 
scan period as well as in units of scan periods. With 
this driving scan operation, a stable eject quantity can 
be obtained regardless of the frequency or the print 
duty. 



In Fig. 9, Vop indicates electric energy necessary 
for heat energy on an HB (heater board), and is de- 
termined by the area, resistance, and film structure of 
the HB, and the nozzle structure of the head. P1 in- 

5 dicates the preheat pulse width, P2 indicates the in- 
terval time, and P3 indicates the main heat pulse 
width. T1 , T2, and T3 indicate the times from the lead- 
ing edge of the preheat pulse, which times respective- 
ly determine P1, P2, and P3. In a divisional pulse 

10 width modulation driving method, the pulses are ap- 
plied in the order of P1 , P2, and P3. The preheat pulse 
P1 is used for mainly controlling the ink temperature 
in nozzles. The pulse width of the pulse P1 is control- 
led by temperature detection utilizing a temperature 

15 sensor of the head. At this time, a bubble pre-gener- 
ation phenomenon caused by application of too much 
heat energy onto the H B is prevented. The interval 
time P2 serves to form a predetermined time interval 
so as to prevent interference between the preheat 

20 pulse P1 and the main heat pulse P3, and to uniform 
the temperature distribution of an ink in the nozzles. 
The main heat pulse P3 causes a bubble generation 
phenomenon on the H B to eject ink droplets from 
nozzle orifices. These pulse widths are determined 

25 by the area, resistance, and film structure of the HB, 
the nozzle structure of the head, and the ink physical 
properties. 

Fig. 10 shows two types of pulse width tables (J) 
and @ corresponding to head temperatures. As 

30 shown in Fig. 11, when the table content is changed 
between <3) and @, the target eject quantity can be 
changed between two types of quantities, i.e., NA, and 
V 2 . In eject quantity control of this embodiment, a 
standard eject quantity is assured by the above- 

35 mentioned head temperature control (36°C), and is 
stabilized by PWM control. 

In this embodiment, according to the flow chart 
shown in Fig. 12, even when a thin multi-pass print 
mode is set, if there are no color data other than Bk, 

40 a 1-pass mode is selected since a problem of blur 
does not easily occur; only when there are C, M, and 
Y data, a thin 2-pass print mode is selected. The Bk 
density changes in lines with and without C, M, and Y 
data, as shown in Fig. 5. In this embodiment, as 

45 shown in Fig. 1 2, the PWM table is changed to change 
the eject quantity according to the presence/absence 
of C, M, and Y data, thereby stabilizing the density. 
More specifically, even when the 2-pass mode is des- 
ignated since paper having poor ink absorption char- 

50 acteristics is used, the recording density can be in- 
creased for an image, which does not actually pose a 
problem of blur. 

(Third Embodiment) 

55 

This embodiment exemplifies a recording mode 
which can eliminate density nonuniformity in a record- 
ing head, which tends to occur in a multi-nozzle re- 
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cording head, and can perform high-quality recording 
unlike in the above embodiments wherein the multi- 
pass recording mode is used mainly for preventing 
blur, and increasing the d nsity. A print method unique 
to this embodiment is as shown in Figs. 13A to 13C, 
and Fig. 14. For the sake of simplicity, a monochrome 
print operation using a single recording head will be 
exemplified below. 

In Figs. 13Ato 13C, an 8-nozzle recording head 
is divided into two groups each including four nozzles, 
and a print operation is performed by feeding paper 
by an amount corresponding to four nozzles (half a 
line). In this case, recording data may be divided into 
patterns described in the first embodiment. In this em- 
bodiment, however, patterns obtained by alternately 
thinning out columns are used to facilitate a print op- 
eration by increasing the carriage scan speed (twice 
in a 1/2 thinning mode) so as to attain a maximum driv- 
ing frequency of the head in a divisional recording 
mode in correspondence with a matrix driving method 
for simultaneously driving adjacent nozzle groups. Of 
course, the carriage speed can be increased using 
the patterns of the first embodiment as long as a ma- 
trix driving method for driving every other nozzles is 
employed. 

In the print method of this embodiment, the upper 
half recording area of the first line is thin-printed by 
the second nozzle group. After paper is fed by half a 
line, the remaining portion of the upper half recording 
area is printed by the first nozzle group, and a lower 
half recording area is thin-printed. Then, after the pa- 
per is fed by half a line, the lower half area of the first 
line, and an upper half area of the second line are thin- 
printed. This operation is repeated, and the lower half 
recording area of the last line is recorded by the first 
nozzle group, thus completing recording of all the 
data. When the print operation is performed by this 
print method, recording operation using different noz- 
zles in the carriage scan direction are alternately per- 
formed, as shown in Fig. 14. Thus, density nonuni- 
formity caused by the nozzles can be eliminated, and 
a good image can be obtained. 

However, according to the experiments of the 
present inventors, a decrease in density is often ob- 
served even by the print method of this embodiment 
as compared to a simple 1-pass recording mode. For 
this reason, in this embodiment, an eject quantity con- 
trol means is arranged to increase the eject quantity 
when this recording mode is selected. As the eject 
quantity control means, the same temperature control 
as in the first embodiment may be employed, or the 
eject quantity stabilization means in the second em- 
bodiment may be used. 

As described above, the ink jet recording appara- 
tus comprises print method control means for switch- 
. inq a print mode between a thin multi-pass print m ode 
for controlling the number of times of scan operations 
oLthe.recordinQ head-for-a.s inole record inq area, and 



for sequentially recording divided recording data, and 
a 1-pass print mod for recording all the r cording 
data in a single head scan operation, and an eject 
quantity control means for controlling the eject quan 

5 tity of an ink. The eject quantity control means is con- 
trolled so that a total ink quantity per unit recording 
area in the thin multi-pass print mode is larger than 
that in the one-pass print mode. Thus, image record- 
ing suitable for various recording media can be at 

10 tained. 

The second invention of the present application 
will be described hereinafter. 

Rg. 1 9 is a perspective view showing an arrange- 
ment of an ink jet recording apparatus which can 

15 adopt the second invention of the present application. 

An ink jet recording head 42 is mounted on a car- 
riage 43, which is scanned along a slide shaft 50 in 
the right-and-left direction by a carriage driving motor 
(CR motor; not shown) and a carriage driving belt 51. 

20 An electrical signal from a main board 47 is supplied 
to the head 42 through a flexible printed circuit board 
(FPC) 46. An ink is supplied from an ink cartridge (not 
shown) in a main body of an ink jet recording appara- 
tus 41 through an ink supply suction tube 45, and via 

25 a sub ink tank 44 on the carriage 43. Since the ink jet 
recording head 42 sometimes causes an ejection er- 
ror due to mixing of bubbles, attachment of an ink to 
its orifice surface, or the like, a suction recovery de- 
vice is arranged at the home position of the carriage 

30 43 of the ink jet recording apparatus 41 . A recording 
medium is fed upward by a paper feed motor (LF mo- 
tor; not shown) along a platen 49, and data is recorded 
on the recording medium by scanning the recording 
head 42 in the right-and-left direction. 

35 Fig. 20 is a block diagram showing an arrange- 

ment of a control unit (main board 47) of the ink jet re- 
cording apparatus 41. This control unit receives print 
data from, e.g., a host computer, stores print data for 
one line, and causes a head controller 71 of the re- 

40 cording head 42 to control the recording head 42, 
thereby performing a print operation. 

A PPI (programmable peripheral interface) 72 
parallelly receives print data supplied from a host 
computer of the recording apparatus according to the 

45 second invention, and then supplies the print data to 
a CPU 73. The CPU 73 executes various processing 
sequences of the recording apparatus according to 
the content of a control ROM 74. A RAM 75 is a line 
buffer memory for storing print data received by the 

so PPI 72 for several lines, a font ROM 76 is a memory 
for storing fonts of print output characters, and the 
control ROM 74 is a memory for storing the process- 
ing sequences to be executed by the CPU 73. These 
memories are connected to each other through an ad- 

55 dress bus and a data bus. 

An I/O controller 77 is an I C for exclusively per- 
forming, based on instructions from the CPU 73, con- 
trol of a paper feed motor (LF motor) 78, a carriage 
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driving motor (CR motor) 79, and a sucti n recovery 
device driving motor (pump motor) 80, data I/O control 
to pan I switches 81 , control of a heater in the record- 
ing head 42, input control of temperature information 
from a temperature detection means (thermistor) in 5 
the recording head 42, and the like. The head control- 
ler 71 is a special-purpose IC for latching print data 
and print output time data, and supplying a print out- 
put to the recording head 42 according to an instruc- 
tion from the CPU 73. The recording head 42 ejects 10 
an ink according to the print data and the print output 
time data from the head controller 71, thus recording 
data onto a recording medium. 

Fig. 21 is a view showing an arrangement of the 
ink jet recording head, in particular, an ink jet head 15 
utilizing heat as ejection energy. A printed circuit 
board (PCB) 54, a thermistor 59, and an ejection ele- 
ment 58 consisting of nozzles for ejecting an ink, hea- 
ters, and a liquid chamber are joined on a base plate 
53. Print data from the FPC 46 is transmitted to the 20 
ejection element 58 through the PCB 54 when a head 
connector 52 (Fig. 19) on the FPC 46 is engaged with 
a connector portion 55 of the PCB 54 on the recording 
head 52. 

An ink is supplied to the ejection element 58 25 
through a holder 56 which is integrated with an ink 
supply tube 57 and an ink storage 60, and protects the 
principal part of the recording head. The details of the 
ejection element 58 (Fig. 22) are the same as those 
described above, and a detailed description thereof 30 
will be omitted. 

Temperature control of the recording head is per- 
formed by maintaining the recording head 42 at a tem- 
perature suitable for a predetermined ink eject quan- 
tity using heaters 65 and 66 arranged in addition to 35 
ejection heaters 63, and is executed during recording, 
and in a predetermined standby state. Fig. 23 shows 
an eject quantity obtained according to the target 
head temperature. An eject quantity of about 34 pi/ 
drop is obtained at 32°C P and an eject quantity of abut 40 
42 pl/drop is obtained at 40°C. In this temperature 
range, the eject quantity is almost proportional to the 
target head temperature. 

(Fourth Embodiment) 45 

Fig. 15 shows the fourth embodiment, and is a 
flow chart associated with temperature control of the 
recording head during recording. When the power 
switch of the recording apparatus is turned on, the so 
CPU 73 sets the target head temperature at 25°C 
through the I/O controller 77 in step S1 , and then waits 
for a print signal. When the print signal is input through 
the PPI 72 in step S2, the CPU 73 discriminates in 
step S3 based on a control signal in the print signal 55 
whether the recording mode is a character (text) or im- 
age mode. If the character mode is discriminated, the 
CPU 73 sets the head target temperature at 38°C in 



step S4, and xecutes the printing operation in step 
S5. On the other hand, if the input print signal indi- 
cates m image mode, the printing operation ts per- 
formed after the target head temperature is set at 
32°C in step S6. 

In this manner, when a character having a low 
print density is to be printed, the ink eject quantity is 
increased to obtain a print density equivalent to that 
obtained when an image having a high print density 
is printed. 

(Fifth Embodiment) 

In this embodiment, an image is printed selective- 
ly in a 1-pass print mode or a multi-pass print mode. 
Figs. 16Ato 16C are explanatory views of the 1-pass 
print mode and the multi-pass print mode. 

Fig. 16A shows the one-pass image print mode. 
In this mode, a solid print operation is performed in a 
single carriage scan operation. 

Fig. 1 6B shows a 2-pass image print mode. In this 
mode, image data are printed at interpolating posi- 
tions to overlap each other at a 1 fl print density in two 
carriage scan operations. This mode is a particularly 
effective recording method for preventing blur at a col- 
or boundary in a color image. 

In this case, an image obtained as a total of the 
first and second scan operations is the same as that 
obtained in the 1-pass print mode shown in Fig. 16A. 
However, since the print density per scan is lowered, 
the temperature rise of the nozzle section of the re- 
cording head is decreased, and the volume of an ink 
to be ejected is decreased. Furthermore, since the 
print density is low, blur of an ink on a recording me- 
dium in the lateral direction is eliminated as compared 
to that in the 1-pass print mode. As a result, the print 
density of the image obtained by the two scan opera- 
tions is lower than that obtained in the 1-pass print 
mode. 

Similarly, Fig. 16C shows a multi-pass print meth- 
od that can attain a high-definition print operation. In 
this method, the paper feed amount between adjacent 
scan operations is set to be a 1/2 line, and data of a 
1/2 duty is repeated while feeding paper by a 1/2 line. 
As a result this print method can visually eliminate 
shifts of landing points caused by individual nozzles. 
In this case, the print density is lower than that in the 
1-pass print mode. 

Fig. 17 is a flow chart showing the fifth embodi- 
ment In this flow chart step S7 is added to the flow 
chart shown in Fig. 15. In this embodiment when the 
recording mode is an image mode, it is checked in 
step S7 if the image mode is the 1-pass print mode or 
the multi-pass print mode. If the 1-pass print mode is 
selected, the target head temperature is set at 32°C 
in step S6; if the multi-pass print mode is selected, the 
target head temperature is set at 38°C, equal to that 
in a character mode, in step S4. 
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Thus, a print density difference between the one- 
pass and multi-pass print mod s can be eliminated in 
th image recording mode. 

(Sixth Embodiment) 

Fig. 18 is a flow chart showing the sixth embodi- 
ment. In this embodiment, the target head tempera- 
ture can be more finely set. More specifically, in this 
flow chart, step S8 is added to the flow chart shown 
in Fig. 17. When a character (text) mode is selected, 
the target head temperature is set at 38°C in step S4; 
when a 1-pass image mode is selected, the target 
head temperature is set at 32°C in step S6; and when 
a multi-pass image mode is selected, the target head 
temperature is set at 35° C in step S8. 

Thus, a print density difference among the re- 
spective print modes can be further eliminated. 

In the above embodiments, control is made to uni- 
form the print density among the respective print 
modes. However, the present invention can also be 
applied to a case wherein a print density in a specific 
mode must be set to be particularly higher or lower 
than that in other modes. 

In order to control the ink eject quantity, the target 
head temperature is controlled in this embodiment. 
However, the present invention is not limited to this. 

As described above, according to the present in- 
vention, the recording mode of an input print signal is 
discriminated, and a target temperature of the record- 
ing head is set in correspondence with the discrimin- 
ated mode, thereby eliminating a print density differ- 
ence among various recording modes. 

Furthermore, the present invention is also effec- 
tive for a case wherein a print density in a specific 
mode must be set to be particularly higher or lower 
than that in other modes. 

The third invention of the present application will 
be described below. 

According to the third invention of the present ap- 
plication, an inkjet recording apparatus performs re- 
cording while controlling the temperatures of a plural- 
ity of recording heads for performing recording by 
ejecting inks by utilizing heat energy so as not to fall 
outside predetermined temperature ranges, which 
are set in units of recording heads. Therefore, in par- 
ticular, in a color recording mode, the use temperature 
range of a black ink recording head can be set to be 
different from those of other monochrome ink record- 
ing heads. For this reason, even when a print opera- 
tion is performed not only on coated paper but also on 
a recording medium such as regular paper or OHP pa- 
per, which has poor fixing characteristics, and cannot 
provide a sufficient OD (average optical density) val- 
ue as compared to the coated paper, the print density 
of black characters or lines can be increased. Further- 
more, the ink implantation quantity on a color record- 
ing portion obtained by mixing colors is suppressed, 



and improvement of fixing charact ristics and preven- 
tion of boundary blur can be attained. As a result, an 
image with high print quality can be recorded. 

When print density characteristics ar measured 

5 in units of recording heads, optimal use temperature 
ranges can be set in units of recording heads. 

An embodiment of the third invention of the pres- 
ent application will be described in detail below with 
reference to the accompanying drawings. 

10 Fig. 26 is a perspective view showing an arrange- 

ment of a recording section of an inkjet recording ap- 
paratus 101 of this invention. In Fig. 26, recording 
heads 102 are arranged on a carriage 103, and are 
moved upon horizontal movement of the carriage 

15 103. 

A plurality of recording heads 102A, 102B, 102C, 
and 1 02D are those for respectively ejecting fourcolor 
inks, i.e., Y (yellow), M (magenta), C (cyan), and Bk 
(black). Although not shown in Fig. 26, each recording 

20 head is integrally provided with a warm-up heater 207 
(Fig. 27) and a thermistor 123 (Fig. 30). 

A control unit 108 for controlling ejection of these 
four color recording heads is connected to a host com- 
puter 109 for transferring recording signals, data, and 

25 the like. The recording apparatus 1 01 is provided with 
a panel 110 at which a print mode is set or the state 
of the recording apparatus is displayed or changed by 
a user. 

In Fig. 26, as a recording medium (recording pa- 

30 per) 107, regular paper, OHP paper, or coated paper 
is used. The recording paper 107 is supported on a 
platen 106, and is moved in directions of arrows A and 
B in Fig. 26. In this state, an image recording opera- 
tion is performed on the recording paper 107 by the 

35 recording heads 102. 

The ejection principle of the recording head used 
in the inkjet recording apparatus of this embodiment 
as a recording means of the present invention will be 
explained below. 

40 A recording head unit applied to the ink jet record- 

ing apparatus normally comprises fine ink ejection or- 
ifices, ink channels, energy application sections ar- 
ranged in portions of the ink channels, and energy 
generation means for generating ink droplet forming 

45 energy to be applied to inks in the application sec- 
tions. The recording head unit is replaceable. As the 
energy generation means for generating such energy, 
electrothermal converting elements are employed to 
heat an ink, thereby ejecting the ink. 

so In the recording head unit used in an ink jet re- 

cording method for ejecting an ink by heat energy, 
since the ink ejection orifices for ejecting recording 
ink droplets to form flying ink droplets can be arrayed 
at a high density, a high-resolution recording opera- 

55 tioncanb performed. The recording head unit using 
the electrothermal converting elements as the energy 
generation means can be rendered compact as a 
whole, and can sufficiently utilize the merits of IC 
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techniqu s and micropatterning techniques, which 
hav shown remarkable technical advances and im- 
proved reliability in the recent semiconductor field. 
Therefore, an elongated, two-dimensional structure 
or a multi-nozzle, high-density packaging structure 5 
can be easily realized. For this reason, an ink jet re- 
cording head unit suitable for mass-production, and 
having low manufacturing cost can be provided. 

In the ink jet recording head unit using the elec- 
trothermal converting elements as the energy gener- 1 o 
ation means, and manufactured through the semicon- 
ductor manufacturing processes, the ink channels 
corresponding to the ink ejection orifices are ar- 
ranged. The electrothermal converting elements are 
arranged as means for applying heat energy to inks 15 
filled in the ink channels in units of ink channels, and 
ejecting inks from the corresponding ink ejection ori- 
fices to form flying ink droplets. An ink is supplied, to 
the ink channels, from a common ink chamber com- 
municating with the ink channels. 20 

As for a manufacturing method of an ink ejection 
section, the present applicant proposed the following 
method (see Japanese La id-Open Patent Application 
No. 62-253457). In this method, a solid state layer for 
forming at least ink channels, an active energy ray 25 
setting material layer utilized in formation of at least 
walls of the ink channels, and a second substrate are 
sequentially stacked on a first substrate. Thereafter, 
a mask is stacked on the second substrate, and active 
energy rays are radiated from above the mask, there- 30 
by setting at least the walls of the ink channels of the 
active energy ray setting material layer as constituting 
portions. Furthermore, the solid state layer and the 
non-setting portion of the active energy ray setting 
material layer are removed from a portion between 35 
the two substrates, thereby forming at least the ink 
channels. 

Fig. 27 shows a schematic arrangement of a noz- 
zle-side portion of the above-mentioned ink jet re- 
cording head unit. A recording head unit 201 is con- 40 
stituted by a substrate 202 as the first substrate, a set 
active energy ray setting material layer 213 having 
electrothermal energy converting elements 203, elec- 
trodes 204, and ink channels 210 formed on a silicon 
base 205 as the second substrate, and a top plate 206 45 
via semiconductor manufacturing processes such as 
etching evaporation, sputtering, and the tike. 

An ink is supplied into each ink channel 210 by 
the capillarity, and is stably held since a meniscus is 
formed at a nozzle 211 as the ink ejection orifice at the 50 
distal end portion of the ink channel. When the corre- 
sponding electrothermal converting element 203 is 
energized, the ink on the surface of the electrother- 
mal converting element is heated, and a bubble for- 
mation phenomenon caused by film boiling occurs. 55 
Then, upon growth of th bubble, an ink droplet is 
ejected from the nozzle 211. With the above- 
mentioned arrangement, the multi-nozzle ink jet re- 



cording h ad unit can be formed with a high-density 
liquid channel arrangement, i.e., at an ej ction orifice 
density as high as 400 dots/inch. The recording head 
unit 201 also includes a warm-up heater 207 for in- 
creasing the temperature of the recording head unit 
201 to a predetermined temperature. 

Fig. 28 is a block diagram showing an arrange- 
ment of a control system of the ink jet recording ap- 
paratus 101 based on the above arrangement. In Fig. 
28, the recording apparatus 1 01 is connected to the 
host computer 109 through an interface 111. 

A controller 115 constitutes a control means and 
a temperature range setting means, which control the 
temperatures of the recording heads so as not to fall 
outside predetermined temperature ranges set in 
units of recording heads on the basis of temperature 
information detected by temperature detection means 
of the recording heads. A CPU 115A controls the re- 
spective units, and a ROM 115B stores a program 
corresponding to the control sequence of the CPU 
1 1 5A. A RAM 1 1 5C is used as a work area u pon exe- 
cution of the control sequence. The controller 115 is con- 
nected to a head driving system/sensor system/warm- 
up heater driving system 190, a mechanics driving 
system/sensor system 170, and a panel 110. 

The controller 115 is connected to the four color 
recording heads 102A, 102B, 1Q2C, and 102D through 
the head driving system/sensor system/warm-up heater 
driving system 190. 

Fig. 29 is a block diagram of the recording head 
102A mounted on the ink jet recording apparatus 
shown in Fig. 26. In the arrangement shown in Fig. 29, 
a driver, a temperature control warm-up heater, and 
a temperature measurement thermistor are integrat- 
ed to the recording head 102 itself. In Fig. 29, a nozzle 
unit 121 is heated by a warm-up heater 122 to a pre- 
determined temperature range. A thermistor 123 
serves as a temperature detection means of the re- 
cording head 102A. A driver 124 applies an ink ejec- 
tion driving force to the nozzle unit 121. 

The driver 124 exchanges signals with the con- 
troller 115 through a connection unit 1 25. The connec- 
tion unit 1 25 can be integrated with the recording head 
in a printed circuit board form. 

Fig. 30 is a schematic perspective view showing 
an arrangement of the recording head 102A shown in 
Figs. 26 and 29. Fig. 30 illustrates the nozzle unit 121 , 
the substrate 202, and the electrical connection unit 
125 with the controller 115. In addition, Fig. 30 illus- 
trates the thermistor 1 23 as the temperature detection 
means of the recording head 102Aand the driver 124 
in an exposed state. 

Fig. 31 shows a print sample. When such a print 
sample image is recorded on a recording medium 
such as regular paper or OHP paper having poor ink 
absorbency so that black characters and line portions 
such as contour lines can be clearly recognized, the 
black density must be increased. On the other hand, 
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in a color portion, blur at boundary portions among R, 
G, and B must be eliminated, so that colors can be 
clearly discriminated from each other. 

Therefore, in color boundary portions, a large 
quantity of ink is not implanted so as to prevent con- 
tamination caused by mixing of different colors. 

However, in the ink jet recording technique for 
performing recording by ejecting an ink by utilizing 
heat energy, the ink eject quantity is easily influenced 
by the temperature of the recording head. For this rea- 
son, when a recording operation is performed on a re- 
cording medium such as regular paper or OHP paper 
having poor ink absorbency, if temperature control of 
the recording head is performed in the same manner 
as in a case wherein a recording operation is per- 
formed on coated paper, contamination is easBy 
caused by blur at boundaries of R, G, and B as color 
mixing portions due to a large ink eject quantity. 

In order to prevent this, according to the present 
invention, as shown in Fig. 28 or 29, an NVRAM (non- 
volatile random-access memory) 115D, which is pro- 
grammable from the operation panel or the host com- 
puter, is provided to the controller 115, and stores use 
temperature ranges set in units of color recording 
heads. 

For example, a Bk (black) recording head is set 
to have a use temperature range between 36°C and 
60°C, and Y (yellow), M (magenta), and C (cyan) re- 
cording heads are set to have use temperature ranges 
between 30°C and 50°C. 

The upper limit of the use temperature range of 
each of the C, M, and Y monochrome recording heads 
is set to be slightly lower than that of the Bk recording 
head, so that the ink eject quantity does not become 
too large, and blur at R, G, and B color mixing portions 
does not easily occur. When a print operation is con- 
tinuously performed line after line, the temperatures 
of the recording heads are increased. When the sen- 
sor unit (thermistor) 123 detects that the temperature 
of one of the C, M, and Y monochrome recording 
heads or the Bk recording head exceeds the upper 
limit of the corresponding use temperature range, the 
controller 115 controls to wait a carriage operation on 
the base of this temperature information, so that the 
eject quantity from the recording head does not be- 
come too large. More specifically, the controller 115 
controls to stop the carriage operation for a predeter- 
mined period of time, or to decrease the carriage 
movement speed to decrease the ejection frequency 
until the temperature of the recording head is de- 
creased below the upper limit of the use temperature 
range. 

The reason why the upper limit value of the use 
temperature range of the Bk recording head is set to 
be higher than that of the C, M, and Y monochrome 
recording heads is to increase the black print density. 

Similarly, the lower limit of the use temperature 
range of the Bk recording head is sett be higher than 



that of the C, M, and Y monochrome recording heads, 
thereby increasing the black print d nsity. When the 
sensor unit 123 detects that the temperature of one of 
the C, M, and Y monochrome recording heads or the 

5 Bk recording head is below the lower limit of th cor- 
responding use temperature range, the correspond- 
ing heater unit 122 is energized based on this temper- 
ature information to heat the corresponding recording 
head so as to obtain a predetermined print density, 

10 and this control is repeated until the temperature of 
the recording head is increased above the lower limit 
value of the set use temperature range. 

Fig. 24 is a flow chart showing a use temperature 
range setting sequence of the recording heads ac- 
ts cording to the present invention. In steps 101, a print 
mode is set. In this case, the print mode is set based 
on a key input of a print mode setting key provided to 
the panel 110 or a command from the host computer 
109. Thereafter, the controller 115 checks if the print 

20 mode is a coated paper mode (step S102). If it is de- 
termined that the coated paper mode is selected 
(YES in step S102), the CPU 115A reads out a use 
temperature range (e.g., 32°C ^ T, ^ 55°C) of the 
Bk recording head from the ROM 115B, and writes it 

25 in the NVRAM 115D (step S103). The CPU 115Aalso 
reads out a use temperature range T^ (e.g., 32°C = 
Tn ^ 55°C) of each of the Y, M, and C recording heads 
from the ROM 115B, and writes it in the NVRAM 115D 
(step S1 04). In this manner, after the CPU 11 5A writes 

30 the use temperature ranges in the NVRAM 1 1 5D, tem- 
perature control is performed, and the print operation 
is performed in the coated paper mode. On the other 
hand, if the selected mode is not the coated paper 
mode (NO in step S102), the controller 115 checks if 

35 the selected mode is an OHP paper mode (step 
S105). 

If the OHP paper mode is selected (YES in step 
S105), the CPU 11 5A reads out a use temperature 
range T 2 (e.g., 34°C ^ T 2 ^ 55°C) of the Bk recording 

40 head from the ROM 115B, and writes it in the NVRAM 
1 1 5D (step S1 06). The CPU 1 1 5A also reads out a use 
temperature range T 12 (e.g., 30°C ^ T 12 ^ 50°C) of 
each of the Y, M, and C recording heads from the ROM 
115B, and writes it in the NVRAM 115D (step S107). 

45 In this manner, after the CPU 1 15A writes the use tem- 
perature ranges in the NVRAM 11 5D, temperature 
control is performed, and the print operation is per- 
formed in the OHP paper mode. 

If the selected mode is not the OHP paper mode 

so (NO in step S1 05), the controller 115 checks if the se- 
lected mode is a regular paper mode (step S108). If 
the regular paper mode is selected (YES in step 
S108), the controller 115 then checks if a black em- 
phasis mode is selected (step S1 09). In the black em- 

55 phasis mode, the density of a black portion is further 
increased to emphasize black lines, black contour 
portions, and the like to obtain a color image having 
high contrast If it is determined that the black empha- 

13 
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sis mod is selected (YES in step S109). the CPU 
115A reads out a use tempera tur range T 3 (e.g., 
36°C ^ T 3 ^ 60°C) of the Bk recording head from the 
ROM 115B, and writes it in the NVRAM 115D (step 
S110). The CPU 115Aalso reads out a use tempera- 
ture range T 13 (e.g., 30°C ^ T 13 ^ 50°C) of each of the 
Y, M, and C recording heads from the ROM 115B, and 
writes it in the NVRAM 115D (step S111). In this man- 
ner, after the CPU 115A writes the use temperature 
ranges in the NVRAM 115D, temperature control is 
performed, and the print operation is performed in the 
regular paper black emphasis print mode. 

On the other hand, if it is determined that the se- 
lected mode is not the black emphasis mode (NO in 
step S109), the CPU 115A reads out a use tempera- 
ture range T 4 (e.g., 32°C ^ T 4 ^ 55°C) of the Bk re- 
cording head from the ROM 115B, and writes it in the 
NVRAM 115D (step S112). The CPU 115Aalso reads 
out a use temperature range T 14 (e.g., 30°C = T u = 
50°C) of each of the Y, M, and C recording heads from 
the ROM 115B, and writes it in the NVRAM 115D (step 
S113). In this manner, after the CPU 115A writes the 
use temperature ranges in the NVRAM 11 5D, temper- 
ature control is performed, and the print operation is 
performed in the regular paper color print mode. On 
the other hand, if NO in step S108, the flow returns to 
step S102, and the control waits for until the print 
mode is set 

Fig. 32 summarizes the use temperature ranges 
of the Bk recording head and the Y, M, and C recording 
heads in the respective print modes. 

If the upper limit of the use temperature range T, 
in the coated paper mode of the Bk recording head is 
represented by T 1MAX , the upper limit of the use tem- 
perature range T 2 in the OHP paper mode is repre- 
sented by T2MAX, the upper limit of the use tempera- 
ture range T 3 in the regular paper black emphasis 
mode is represented by T^** and the upper limit of 
the use temperature range T 4 in the regular paper col- 
or print mode is represented by T 4MAX , a relation T 1MAX 
= T2MAX ^ T^ < TaMAx is satisfied. 

If the lower limit of the use temperature range 
in the coated paper mode of the Bk recording head is 
represented by T 1MlN , the lower limit of the use tem- 
perature range T 2 in the OHP paper mode is repre- 
sented by Tzuim, the lower limit of the use temperature 
range T 3 in the regular paper black emphasis mode is 
represented by T^, and the lower limit of the use 
temperature range T 4 in the regular paper color print 
mode is represented by T 4MtN , a relation T 1M(N £ T^^ 
< T2min < Tjjmin is satisfied. 

If the upper limit of the use temperature range T 1t 
in the coated paper mode of each of the Y, M, and C 
recording heads is represented by T 11MAX , the upper 
limit of the use temperature range T 12 in the OHP pa- 
per mode is represented by T 12 max> the upper limit of 
the use temperature range T 13 in the regular paper 
black emphasis mode is represented by T 13MA x, and 



the upper limit of the use temperature rang T u in the 
regular paper color print mode is represented by 
Ti^max, a relation T 11MAX > T12MAX = T 13MAX £ T 14MAX is 
satisfied. 

5 If the lower limit of the use temperature range T 1t 

in the coated paper mode of each of the Y, M, and C 
recording heads is represented by T 11MIN( the lower 
limit of the use temperature range T 12 in the OHP pa- 
per mode is represented by T 12M)N , the lower limit of 

10 the use temperature range T 13 in the regular paper 
black emphasis mode is represented by T 13MtN , and 
the lower limit of the use temperature range T 14 in the 
regular paper color print mode is represented by 
T14MIN1 a relation T 11MIN > T 12M | N = T 13M)N ^ T 14M]N is 

15 satisfied. 

Furthermore, relations T 1MAX ^ T 11MA x, T 2MAX > 
Ti 2 MAX» T 3MA X > T13MAX, T 4M ax > T 14MA x» T 1M in ^ T 11MJN , 
T^in > T 12 min» T"3min > Tismin. anc * T4MIN > T 14W jn are 
satisfied. 

20 Then, a temperature control operation executed 

by the CPU 115A of the controller 115 will be descri- 
bed below. Fig. 25 is a flow chart showing a temper- 
ature control operation executed depending on 
whether the temperature T of the recording head 102 

25 exceeds the upper limit temperature J max or is below 
the lower limit temperature T M[N . 

Note that the recording head 102 includes the 
heads 102A, 102B, 102C, and 102D in this embodi- 
ment, and these recording heads have the same ar- 

30 rangement, except that the colors of inks ejected 
therefrom are different from each other. The following 
temperature control operation is performed in units of 
recording heads. In the following description, the tem- 
perature T is a generic name of the temperatures of 

35 the recording heads. 

In step S21 , the presence/absence of a print start 
command is checked. As a result, if it is determined 
that the print start command is input (YES in step 
S21), the temperature of the recording head is meas- 

40 ured in step S22. 

Thereafter, in step S23, it is checked if the tem- 
perature T of the recording head 102 is lower than the 
lower limit temperature Tmi N of the set use tempera- 
ture range. If it is determined that the temperature T 

45 is equal to or higher than the lower limit temperature 
Tmn (NO in step S23), the control advances to step 
S27. If it is determined that the temperature T is lower 
than the lower limit temperature T M[N (YES in step 
S23). the heater unit 123 is heated in step S24 to in- 

50 crease the temperature of the recording head. It is 
then checked in step S25 if the temperature T of the 
recording head 102 exceeds the lower limit tempera- 
ture T M(N . If it is determined that the temperature T of 
the recording head 102 exceeds the lower limit tem- 

55 perature T MIN (YES in step S25), the heating operation 
of the heater unit 123 is stopped in step S26 to stop 
the temperature rise of the recording head. There- 
after, the flow advances to step S27. On the other 

14 
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hand, if it is determined that the temperature T is lower 
than th lower limit temperature T M1N (NO in step S25), 
the flow returns to step S24, and the heating opera- 
tion by the heater unit 1 23 is continued to increase the 
temperature of the recording head. 

It is checked in step S27 if the temperature of the 
recording head 102 is higher than the upper limit tem- 
perature T MAX of the set use temperature range. If it is 
determined that the temperature T is equal to or lower 
than the upper limit temperature T MAX (NO in step 
S27), the flow advances to step S30 to execute the 
printing operation. If it is determined that the temper- 
ature of the recording head 102 exceeds the upper 
limit temperature Tmax (YES in step S27), supply of 
print data to the recording head is stopped in step 
S28, and the control waits until the temperature of the 
recording head is decreased. 

It is then checked in step S29 if the temperature 
of the recording head 102 is decreased below the up- 
per limit temperature Tmax- If it is determined that the 
temperature T is below the upper limit temperature 
Tmax (YES in step S29), the flow advances to step S30 
to execute the printing operation. On the other hand, 
if it is determined that the temperature T exceeds the 
upper limit temperature Tmax (NO in step S29), the 
flow returns to step S28 to continuously decrease the 
temperature of the recording head. In step S31, the 
presence/absence of a print end command is 
checked. If it is determined that the print end com- 
mand is issued (YES in step S31), the printing oper- 
ation is ended. 

In the above description, when the temperature of 
the recording head exceeds the predetermined upper 
limit temperature, the recording head is set in a stand- 
by state to wait until the temperature is decreased. 
However, the present invention is not limited to this. 
For example, the temperature of the recording head 
may be decreased by decreasing the carriage move- 
ment speed to decrease the ejection frequency, or by 
driving a cooling fan. 

Another embodiment of the present invention will 
be described below. This embodiment has as its ob- 
ject to set optimal use temperature ranges in units of 
recording heads by measuring the print density char- 
acteristics in units of recording heads. 

This embodiment exemplifies a color ink jet re- 
cording apparatus, which mounts yellow, magenta, 
cyan, and black recording heads (102A, 102B, 102C, 
and 102D) shown in Fig. 26. In Figs. 26 and 28, a den- 
sity detect means 501 is arranged near the recording 
heads. Although not shown in Fig. 28, an A/D conver- 
ter for converting an analog output into a digital signal 
is arranged between the density detect means 501 
and a controller 115. An electrical signal output from 
the density detect means 501 is converted by the A/D 
converter, and the converted signal is input to the 
controller 115. Note that a test pattern in the following 
embodiment is a solid pattern. 



In Fig. 26, test patterns 502 are read by the den- 
sity detect means 501. Fig. 33 is a view showing th 
density detect means 501. The test patterns 502 are 
formed on a recording medium 601 . A light source 602 

5 radiates infrared rays onto the surface of the record- 
ing medium 601 through a lens 604, and light reflect- 
ed by the surface is read by a read sensor 603 
through a lens 605. A paper width sensor may be com- 
monly used as the light source and the read sensor. 

10 When the light source 602 is turned on, and in- 

frared rays are radiated, the read sensor 603 receives 
light reflected by the recorded test pattern 502, and 
outputs an electrical signal proportional to the re- 
ceived light amount When the test pattern is consti- 

15 tuted by different colors like Y, M, C, and Bk, since the 
relationship between the electrical signal level output 
from the read sensor 603 and. the corresponding ac- 
tual density varies in units of colors, it must be correct- 
ed. Thus, the relationship is corrected using print den- 

20 sity comparison tables in units of colors shown in Fig. 
34, so that the following density calculation is made. 
In Fig. 34, an 8- bit reflected light amount signal is plot- 
ted along the abscissa, and an 8-bit density signal is 
plotted along the ordinate. The reflected light amount 

25 signal can be converted into the density signal ac- 
cording to Y, M, C, and Bk curves. 

A test pattern density detect sequence and a use 
temperature range setting sequence will be described 
below with reference to the block diagram of Fig. 28, 

30 and the flow chart shown in Fig. 35. When a density 
detect mode is set in step S40, a print mode is 
checked in step S41 to determine if the print mode is 
a coated paper mode, an OHP paper mode, a regular 
paper mode, or a regular paper black emphasis mode. 

35 The controller 1 1 5 supplies a print signal to the record- 
ing heads 102A, 102B, 102C, and 102D through a 
head driving system 190 while setting an 8-bit density 
signal level to be 128, thus causing these heads to 
print a test pattern (step S42). 

40 The test pattern is printed in such a manner that 

a pattern generator (not shown) generates a pattern 
for driving all the recording elements of the recording 
heads with the same driving signal. At this time, the 
four color recording heads are set at a predetermined 

45 temperature Tq. The light source 602 of the density 
detect means 501 radiates infrared rays onto the test 
patterns 502, and light reflected by the test pattern is 
received by the read sensor 603. The read sensor out- 
puts a signal proportional to the received light 

so amount. This signal is A/D-converted by the A/D con- 
verter, and the digital value is input to the controller 
115. The controller then measures the input value 
(step S43). 

The reflected light amount is measured by se- 
55 quentiaJly scanning the density detect means 501 
(Fig. 26) along the test patterns 502 in the main scan 
direction in units of test patterns printed by the four 
color recording heads. A CPU 115A of the controller 

15 
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115 converts a signal proportional to the received 
light amount sent from the read s nsor 603 into a den- 
sity signal using th print density comparison tables 
in units of colors (Fig. 34) stored in a ROM 1 1 5B in cor- 
respondence with print modes (step S44). 5 

The ROM 11 5B stores a plurality of use temper- 
ature range values of each recording head in corre- 
spondence with print modes according to the magni- 
tude of the density signal. For example, when the print 
mode determined in step S41 is the OH P paper mode, 10 
and when the standard use temperature range of the 
Bk recording head is a range between 34 °C to 55°C, 
if the magnitude of the 8-bit density signal obtained by 
measuring the reflected light amount of the actually 
recorded test pattern falls within a range between, 15 
e.g., 1 68 and 240, and it is determined that the density 
is relatively high, the eject quantity of the Bk recording 
head is too large in this state. Thus, a use temperature 
range between 32°C to 50°C is set to correct the eject 
quantity to be decreased. 20 

On the other hand, if the magnitude of the 8-bit 
density signal falls within a range between, e.g., 50 
and 88, and it is determined that the density is rela- 
tively low, since the eject quantity of the recording 
head is relatively small, a use temperature range be- 25 
tween 36°C and 60°C is set to correct the eject quan- 
tity to be increased. In this manner, a plurality of use 
temperature ranges are stored in the ROM 11 5B. The 
CPU 115A selects optimal use temperature ranges 
corresponding to the magnitude of the density signal 30 
in units of recording heads from the ROM 115B (step 
S45). Then, the CPU 115A writes the selected use 
temperature range in an NVRAM 115D (step S46). 
When the magnitude of the 8-bit density signal falls 
within a range between 0 and 49, or 241 and 255, an 35 
ejection error is determined, and the printing opera- 
tion is not performed. 

Thereafter, the temperature control of the record- 
ing heads is performed according to the set use tem- 
perature ranges, and the printing operation is per- 40 
formed according to the print mode determined in 
step S41 . Note that in step S40, the temperature de- 
tection mode can be set by operating the panel 110 or 
by setting a command from the host computer. When 
the command is set from the host computer, a special 45 
command is provided to the ink jet recording appara- 
tus, so that the command can be designated from the 
host computer. 

In this embodiment, as described above, a plur- 
ality of use temperature ranges are stored in the ROM so 
115B in correspondence with the magnitudes of the 
density signal. For example, when three use temper- 
ature ranges are prepared for the Bk recording head 
in each print mode, and when the print mode includes 
four modes, i.e., the coated paper mode, OHP paper 55 
mode, regular paper mode, and regular paper black 
emphasis mode, a total of 3 x 4 = 1 2 different use tem- 
perature ranges are prepared for the Bk recording 



head. 

Fig. 36 shows the us temperature ranges of the 
recording heads in units of print modes and density 
characteristics of the recording heads. In Fig. 36, a 
higher density is determined when the magnitude of 
the 8-bit density signal falls within a range between 
168 and 240, a standard density is determined when 
the magnitude of the 8-bit density signal falls within a 
range between 89 and 167, and a lower density is de- 
termined when the magnitude of the 8-bit density sig- 
nal falls within a range between 50 and 88. 

In this manner, according to this embodiment, 
since an optimal use temperature range is selected 
from many use temperature ranges according to the 
density characteristics inherent to each recording 
head, delicate temperature control for the recording 
head can be realized, and density variations among 
recording head can be eliminated, thus obtaining a 
uniform density. As a result, the effect of the present 
invention can be further improved. 

Still another embodiment of the present invention 
will be described below. A difference from the above 
embodiment is that a density detection operation is 
performed a plurality of number of times for a single 
color test pattern in order to eliminate a variation in 
density calculated from the reflected light amount of 
the test pattern and to improve precision, and an aver- 
age value of the densities is calculated. A test pattern 
density detect sequence and a use temperature range 
setting sequence of this embodiment will be descri- 
bed below with reference to the flow chart shown in 
Fig. 37. Note that a description of the same portions 
as those already described with reference to the flow 
chart shown in Fig. 35 will be omitted. 

After test patterns are printed in step S52, a count 
value N of a controller 115 is reset (step S53). After 
the count value N is incremented by 1 (step S54), a 
reflected light amount is measured (step S55). The 
measured reflected light amount is stored in a RAM 
115C (step S56), and paper is fed finely in the sub- 
scan direction to allow, e.g., a total of three density de- 
tection operations for a single test pattern (step S57). 
This operation is repeated until N = 3 (step S58). 

A CPU 115A then reads out three reflected light 
amount values stored in the RAM 11 5C, and calcu- 
lates their average value (step S59). Thereafter, the 
CPU 115A converts the calculated average value of 
the reflected light amounts into a density signal using 
print density comparison tables (Fig. 34) stored in the 
ROM 11 5B (step S60). The subsequent steps are exe- 
cuted in the same manner as in the above-mentioned 
embodiment 

In the density detection operation, in order to in- 
crease the S/N ratio of the reflection density of the test 
pattern, reading precision of reflected light can be im- 
proved by using a recording medium having a large 
whiteness index. The test pattern for each color is de- 
sirably printed to have the same area. If the test pat- 
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terns have different implantation areas, an OD (aver- 
age optical density) valu mayindud an error under 
the influence of a difference in temperature rise of the 
recording heads. 

According to the present inv ntion, recording is 5 
performed while controlling the temperatures of the 
plurality of recording heads for performing recording 
by ejecting inks by utilizing heat energy in the ink jet 
recording apparatus so as not to fail outside predeter- 
mined temperature ranges set in units of recording 10 
heads. 

Therefore, even when a print operation is per- 
formed not only on coated paper but also on a record- 
ing medium such as regular paper or OHP paper, 
which has poor fixing characteristics, and cannot pro- 15 
vide a sufficient OD (average optical density) value as 
compared to the coated paper, use temperature rang- 
es are set in units of recording heads. In particular in 
a color recording mode, since the use temperature 
range of the black ink recording head can be set to be 20 
different from that of each of other monochrome ink 
recording heads, the print density of black characters 
and lines can be increased. Furthermore, since the 
ink implantation quantity on a color recording portion 
obtained by mixing colors is suppressed, improve- 25 
ment of fixing characteristics and prevention of 
boundary blur can be attained. As a result, an image 
with high print quality can be recorded. 

When print density characteristics are measured 
in units of recording heads, optimal use temperature 30 
ranges can be set in units of recording heads. Thus, 
the effect of the present invention can be further im- 
proved. 

The present invention brings about excellent ef- 
fects particularly in a recording apparatus of the ink 35 
jet system for performing recording by forming flying 
ink droplets by utilizing heat energy, among the ink jet 
recording systems. The typical structure and opera- 
tional principle are preferably the ones disclosed in 
U.S. Patent Nos. 4,723,129 and 4,740,796. This sys- 40 
tern is applicable to either a so-called on-demand type 
recording system or a continuous type recording sys- 
tem. Particularly, this system is effectively applicable 
to the on-demand type system for the following rea- 
son. When at least one driving signal that corre- 45 
sponds to recording information, and can give abrupt 
temperature rise exceeding nuclear boiling is applied 
to an electrothermal converting element arranged in 
correspondence with a sheet or liquid channel, which 
holds an ink, the electrothermal converting element so 
generates heat energy, the heat energy causes film 
boiling on a heat acting surface of a recording head, 
and consequently, a bubble can be formed in the liq- 
uid (ink) in one-to-one correspondence with the driv- 
ing signal. Upon growth and contraction of this bub- 55 
ble, the liquid (ink) is ejected through an ejection ori- 
fice, thereby forming at least one droplet It is more 
preferable to define this driving signal to have a pulse 



waveform since a bubble can grow and contract in- 
stantaneously, and in particular, the liquid (ink) can b 
ejected in a short response time. 

As th driving signal having the pulse waveform, 
signals disclosed in U.S. Patent Nos. 4,463,359 and 
4,345,262 are suitable. Further excellent recording 
can be realized when conditions disclosed in U.S. Pa- 
tent No. 4,313,124 of the invention associated with 
the temperature rise rate of the heat acting surface 
are adopted. 

As the structure of the recording head, in addition 
to a structure (linear liquid channel or a right-angle liq- 
uid channel) as a combination of ejection orifices, liq- 
uid channels, and electrothermal converting ele- 
ments disclosed in the above-mentioned specifica- 
tions, structures disclosed in U.S. Patent Nos. 
4,558,333 and 4,459,600 disclosing a structure hav- 
ing a heat acting structure arranged in a flexed region 
may be used. In addition, the recording head may be 
arranged based on Japanese Laid-Open Patent Ap- 
plication No. 59-123670 that discloses a structure 
wherein a common slit is used as an ejection portion 
for a plurality of electrothermal converting elements, 
or Japanese Laid-Open Patent Application No. 59- 
1 38461 that discloses a structure wherein an opening 
for absorbing a pressure wave of heat energy is 
formed in correspondence with the ejection portion. 

Furthermore, as a full-line type recording head 
having a length corresponding to the maximum with 
of a recording medium, which can be used in record- 
ing of a recording apparatus, either a structure which 
satisfies this length by combining a plurality of record- 
ing heads or a structure as an integrally formed single 
recording head may be employed. In addition, an ex- 
changeable chip type recording head, which enables 
electrical connection to the apparatus main body or 
supply of ink from the apparatus main body by being 
mounted onto the apparatus main body, or a cartridge 
type recording head, which has an ink tank provided 
integrally on the recording head itself, may be used. 

It is preferable to add a recovery means, a pre- 
liminary auxiliary means, and the like for the record- 
ing head since they can further stabilize the effect of 
the present invention. For example, such recovery 
means includes capping means and cleaning means 
for the recording head, pressing or suction means, 
and preheating means which may comprise an elec- 
trothermal converting element, or another heating 
element, or a combination thereof. In addition, it is 
also effective to execute a preliminary ejection mode 
independently of a recording mode since recording 
can be stabilized. 

Moreover, in the embodiments of the present in- 
vention, an ink is described as a liquid. Alternatively, 
the present invention may employ an ink which is sol- 
idified at room temperature or less, and is softened or 
liquefied at room temperature, or an ink, which is liq- 
uefied upon application of a use recording signal 



04/16/2002, EAST Version: 1.03.0002 



33 



EP 0 526 205 A2 



34 



since it is a g neral practice to perform temperature 
control of the ink itself within a range between 30°C 
and 70°C in an ink jet system so that the ink viscosity 
can fall within a stable ejection range. 

In addition, a temperature rise caused by heat en- 5 
ergy may be prevented by positively utilizing the tem- 
perature rise as energy for a change in state from a 
solid state to a liquid state of the ink, or an ink which 
is solidified in a non-use state for the purpose of pre- 
venting evaporation of the ink may be used. In any 10 
case, the present invention can be applied to a case 
wherein an ink, which can be liquefied by heat energy 
such as an ink which is liquefied upon application of 
heat energy according to a recording signal, and is 
ejected in a liquid state, an ink which begins to be sol- f 5 
idrfied when it reaches a recording medium, or the like 
may be used. In this case, an ink may be held in a liq- 
uid or solid state in recess portions or through holes 
of a porous sheet, as described in Japanese La id- 
Open Patent Application No. 54-56847 or 60-71 260, 20 
and the porous sheet may be arranged to oppose 
electrothermal converting elements. In the present in- 
vention, the above-mentioned film boiling system is 
most effective for the above-mentioned inks. 

In addition, the ink jet recording apparatus of the 25 
present invention may be used as a built-in or stand- 
alone image output terminal of an information proc- 
essing equipment such as a wordprocessor, a com- 
puter, or the like, or a copying machine as a combin- 
ation with a reader, and the like, or a facsimile appa- 30 
ratus having sending and receiving functions. 

Fig. 38 is a schematic block diagram showing an 
arrangement of a system wherein the recording appa- 
ratus of the present invention is applied to an informa- 
tion processing apparatus having functions of a word- 35 
processor, a personal computer, a facsimile machine, 
and a copying machine. In Fig. 38, a controller 701 
controls the entire apparatus, and comprises a CPU 
(e.g., a microprocessor), and various I/O ports. The 
controller 701 performs its control operations by ex- 40 
changing control signals, data signals, and the like 
with the respective units. A display 702 displays vari- 
ous menu data, document information, image data 
read by an image reader 707, and the like on its dis- 
play screen. A transparent touch panel 703 of a pres- 45 
sure-sensitive type is arranged on the display 702. 
When a user depresses the surface of the touch panel 
703 with, e.g., his or her finger, he or she can input 
items, coordinate positions, and the like on the display 
702. so 

An FM (Frequency Modulation) sound source 704 
stores music information generated by, e.g., a music 
editor in a memory 713 or an external memory unit 
712 as digital data, reads out the digital data from 
these memories, and FM-modulates the readout data. 55 
Electrical signals from the FM sound source 704 are 
converted into audible tones by a loudspeaker 705. A 
printer 706 adopts the recording apparatus according 



t the present invention as an output terminal for a 
wordprocessor, a personal computer, a facsimil ma- 
chine, and a copying machine. 

Th image reader 707 photoeiectrically reads 
original data, and is arranged along an original con- 
vey path. The image reader 707 reads various origi- 
nals for the facsimile function, copying function, and 
the like. A facsimile sender/receiver 708 functions to 
send original data read by the image reader 707, and 
to receive and decode a sent facsimile signal, and has 
an interface function with an external device. A tele- 
phone set 709 has various telephone functions such 
as a usual telephone function, an automatic answer- 
ing function, and the like. The memory 713 comprises 
a ROM for storing a system program, a manager pro- 
gram, other application programs, character fonts, 
dictionaries, and the like. The memory 713 stores an 
application program and character information load- 
ed from the external memory unit 712. The memory 
713 also comprises a video RAM. 

A keyboard 71 1 is used for inputting document in- 
formation, various commands, and the like. The ex- 
ternal memory unit 712 comprises a floppy disk or a 
hard disk as a storage medium. The external memory 
unit 712 stores character information, music or voice 
information, user's application programs, and the like. 

Fig. 39 shows the outer appearance of the infor- 
mation processing apparatus shown in Fig. 38. In Fig. 
39, a flat panel display 801, which utilizes a liquid 
crystal, or the like, displays various menu data, figure 
information, document information, and the like. The 
touch panel is arranged on the display 801 . When the 
surface of the touch pane! is depressed with, e.g., a 
finger, coordinates, items, and the like can be input. 
A handset 802 is used when this apparatus is used as 
a telephone set. 

A keyboard 803 is detachably connected to the 
main body through a cord, and can be used for input- 
ting various kinds of document information, and vari- 
ous data. The keyboard 803 is provided with various 
function keys 804, and the like. A floppy disk insertion 
slot 805 is formed on the side surface of the main 
body. 

A paper supporting platen 807 supports an orig- 
inal to be read by the image reader 707. The read orig- 
inal is discharged to the backside of the apparatus. 
Upon the facsimile reception, or the like, information 
is recorded by an ink jet printer 806. 

Note that the display 801 may comprise a CRT. 
However, a flat panel display such as a liquid crystal 
display utilizing a ferroelectric liquid crystal is prefer- 
able since a compact, low- profile, and lightweight 
structure can be realized. When the information proc- 
essing apparatus functions as a personal computer or 
a wordprocessor, various kinds of information input 
from the keyboard 711 in Fig. 38 are processed by the 
controller 701 according to a predetermined program, 
and the processed information is output as an image 
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to the printer 706. Wh n th inf rmation processing 
apparatus functions as a receiver of the facsimile ma- 
chine, facsimile information input from th facsimile 
send r/recetver 708 through a communication line is 
received and processed by the controller 701 accord- 
ing to a predetermined program, and output as a re- 
ceived image to the printer 706. 

When the information processing apparatus func- 
tions as a copying machine, an original is read by the 
image reader 707, and the read original data is output 
to the printer 706 as a copied image through the con- 
troller 701. When the information processing appara- 
tus functions as a sender of the facsimile machine, 
original data read by the image reader 707 is process- 
ed by the controller 701 according to a predetermined 
sending program, and the processed data is then sent 
onto the communication line through the facsimile 
sender/receiver 708. Note that the information proc- 
essing apparatus may be of an integrated type, that 
incorporates an ink jet printer in the main body, as 
shown in Fig. 40. In this case, portability can be fur- 
ther improved. In Fig. 40, the same reference numer- 
als denote the same parts as in Fig. 39. 

When the recording apparatus of the present in- 
vention is applied to the above-mentioned multi-func- 
tional information processing apparatus, a high- 
quality recorded image can be obtained, thus further 
improving the functions of information processing ap- 
paratus. 



Claims 

1. An ink jet recording apparatus for performing re- 
cording using a recording head for ejecting an ink 
from a plurality of ejection orifices, comprising: 

print control means for performing a print 
operation while switching a print mode between a 
thin multi-pass print mode for sequentially record- 
ing divided recording data in a plurality of number 
of times of relative scan operations of said record- 
ing head with respect to a single recording area, 
and a 1-pass print mode for recording all record- 
ing data in a single relative scan operation of said 
recording head; and 

eject quantity control means for controlling 
an eject quantity of the ink ejected from said re- 
cording head so that a total ink quantity on the re- 
cording area in the thin multi-pass print mode is 
larger than a total ink quantity in the 1-pass print 
mode. 

2. An apparatus according to claim 1 , wherein said 
eject quantity control means controls a tempera- 
ture of said recording head to be a temperature 
according to a selected mode. 

3. An apparatus according to claim 1 , wherein said 



eject quantity control means controls a driving 
signal for said recording head according to a se- 
lected mod . 

5 4. An apparatus according to claim 1, wherein said 
print control means records data on the single re- 
cording area using different ejection orifices of 
said recording head in the thin multi-pass print 
mode. 

10 

5. An apparatus according to claim 1, wherein said 
recording head ejects the ink by utilizing heat en- 
ergy, and comprises a heat energy converting 
element for generating the heat energy to be ap- 

15 plied to the ink. 

6. An apparatus according to claim 5, wherein said 
recording head causes a change in state of the 
ink by the heat energy applied from said heat en- 

20 ergy converting element, and ejects the ink from 

the ejection orifices on the basis of the change in 
state. 

7. An ink jet recording apparatus for performing re- 
25 cording using a recording head for ejecting an ink, 

comprising: 

discrimination means for discriminating a 
type of recording data recorded by said recording 
head; and 

30 eject quantity control means for controlling 

an eject quantity of the ink ejected from said re- 
cording head according to the type of recording 
data discriminated by said discrimination means. 

35 8. An apparatus according to claim 7, wherein said 
eject quantity control means controls the eject 
quantity of the ink by maintaining a temperature 
of said recording head at a predetermined tem- 
perature. 

40 

9. An apparatus according to claim 7, wherein said 
discrimination means discriminates whether the 
recording data recorded by said recording head is 
character data or image data. 

45 

10. An apparatus according to claim 7, wherein said 
eject quantity control means sets a larger eject 
quantity for recording a character than for record- 
ing an image. 

so 

11. An apparatus according to claim 10, wherein said 
eject quantity control means sets a larger eject 
quantity for recording an image in a multi-pass 
print mode than for recording an image in a 1- 

55 pass print mode. 

12. An apparatus according to claim 7, wherein said 
recording head ejects the ink by utilizing heat en- 

19 
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ergy, and comprises a h at energy converting 
lement for generating the heat energy to be ap- 
plied to the ink. 

13. An apparatus according to claim 12, wherein said 
recording head causes a change in state of the 
ink by the heat energy applied from said heat en- 
ergy converting element, and ejects the ink from 
ejection orifices on the basis of the change in 
state. 



17. An apparatus according to claim 14, wherein said 
recording heads include a black ink recording 
head and at least one monochrome ink recording 
head other than black, and an upper limit temper- 
ature set for said black ink recording head is high- 
er than an upper limit temperature set for said 
monochrome ink recording head. 



19. An apparatus according t claim 14, wherein said 
recording head ejects the ink by utilizing heat en- 
ergy, and comprises a heat energy converting 
element for generating the heat energy to be ap- 

5 plied to the ink. 

20. An apparatus according to claim 19, wherein said 
recording head causes a change in state of the 
ink by the heat energy applied from said heat en- 

10 ergy converting element, and ejects the ink from 

ejection orifices on the basis of the change in 
state. 

21. An ink jet recording apparatus for performing re- 
cording using a plurality of recording heads for 
ejecting inks onto a recording medium, compris- 
ing: 

temperature range setting means for set- 
ting temperature ranges of said plurality of re- 
cording heads in correspondence with said re- 
cording heads; and 

control means for controlling temperatures 
of said plurality of recording heads according to 
the temperature ranges set by said temperature 
range setting means. 

22. An apparatus according to claim 21 , wherein said 
temperature range setting means sets the prede- 
termined temperature ranges in correspondence 
with said recording heads according to a type of 
recording medium. 

23. An apparatus according to claim 21, wherein said 
recording heads include a black ink recording 
head and at least one monochrome ink recording 
head other than black, and a lower limit tempera- 
ture set for said black ink recording head is higher 
than a lower limit temperature set for said mono- 
chrome ink recording head. 

24. An apparatus according to claim 21 , wherein said 
recording heads include a black ink recording 
head and at least one monochrome ink recording 
head other than black, and an upper limit temper- 
ature set for said black ink recording head is high- 
er than an upper limit temperature set for said 
monochrome ink recording head. 

25. An apparatus according to claim 23 or 24, where- 
so in said monochrome ink recording head includes 

monochrome ink recording heads for respectively 
ejecting yellow, magenta, and cyan inks. 



14. An ink jet recording apparatus for performing re- 
cording using a plurality of recording heads for 
ejecting inks onto a recording medium, compris- 
ing: 15 

temperature detection means for detecting 
temperatures of said plurality of recording heads; 
and 

control means for controlling the tempera- 
tures of said plurality of recording heads on the 20 
basis of temperature information detected by said 
temperature detection means so as not to fall out- 
side predetermined temperature ranges set in 
units of recording heads. 

25 

15. An apparatus according to claim 14, wherein 
when the temperature of each of said recording 
heads is higher than a predetermined upper limit 
value, said control means controls to decrease 
the temperature of said recording head to fall 30 
within the predetermined temperature range, and 
when the temperature of said recording head is 
lower than a predetermined lower limit value, said 
control means controls to increase the tempera- 
ture of said recording head to fall within the pre- 35 
determined temperature range. 

16. An apparatus according to claim 14, wherein said 
recording heads include a black ink recording 
head and at least one monochrome ink recording 40 
head other than black, and a lower limit tempera- 
ture set for said black ink recording head is higher 
than a lower limit temperature set for said mono- 
chrome ink recording head. 



18. An apparatus according to claim 16 or 17, where- 
in said monochrome ink recording head includes 
monochrome ink recording heads for respectively 
ejecting yellow, magenta, and cyan inks. 



26. An apparatus according to claim 21 , wherein said 
55 recording head ejects the ink by utilizing heat en- 

ergy, and comprises a heat energy converting 
element for generating the heat energy to be ap- 
plied to the ink. 
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27. An apparatus according to claim 26, wherein said 
recording head causes a chang in stat of the 
ink by the heat energy applied from said heat en- 
ergy converting element, and ejects the ink from 
ejection orifices on the basis of the change in 
state. 

28. An ink jet recording apparatus for performing re- 
cording using a plurality of recording heads for 
ejecting inks onto a recording medium, compris- 
ing: 

temperature range setting means for set- 
ting temperature ranges of said plurality of re- 
cording heads in correspondence with said re- 
cording heads according to a type of recording 
medium to be used in a print operation. 



ejecting yellow, magenta, and cyan inks. 

34. An apparatus according to claim 31 , wherein said 
recording head ejects the ink by utilizing heat en- 

5 ergy, and comprises a heat energy converting 

element for generating the heat energy to be ap- 
plied to the ink. 

35. An apparatus according to claim 34, wherein said 
10 recording head causes a change in state of the 

ink by the heat energy applied from said heat en- 
ergy converting element, and ejects the ink from 
ejection orifices on the basis of the change in 
state. 

15 



29. An ink jet recording method comprising: 

the step of preparing a plurality of record- 
ing heads for ejecting inks onto a recording me- 20 
dium; and 

the step of performing recording while 
controlling temperatures of said plurality of re- 
cording heads so as not to fall outside predeter- 
mined temperature ranges set in units of record- 25 
ing heads. 

30. A method according to claim 29, wherein the pre- 
determined ranges are set in accordance with a 
type of recording medium to be used in a print op- 30 
eration. 



31. An ink jet recording apparatus for performing re- 
cording using a plurality of recording heads for 
ejecting inks onto a recording medium, compris- 35 
ing: 

density detection means for detecting den- 
sities of test patterns respectively formed on the 
recording medium by said plurality of recording 
heads; 40 

temperature setting means for setting tem- 
peratures of said plurality of recording heads in 
units of recording heads on the basis of the den- 
sities of the test patterns detected by said density 
detection means; and 45 

control means for controlling the tempera- 
tures of said plurality of recording heads accord- 
ing to the temperatures set by said temperature 
setting means. 



32. An apparatus according to claim 31 , wherein said 
recording heads include a black ink recording 
head and at least one monochrome ink recording 
head other than black. 

33. An apparatus according to claim 32, wherein said 
monochrome ink recording head includes mono- 
chrome ink recording heads for respectively 
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